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STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 

Research Investigation 87-5
Work Plan No. 83-S-27 

Subject 

The minus 0.02 mm size frac tion in granular materials used 
in Vermont roadway and bridge construction. 

Purpose 

To evaluate the significance of the percent of material finer 
than 0.02 mm on frost susceptibility of granular materials 
used during the 19 83 construction season . 

Materials & Procedure 

Thirty samples consisting of Sand Borrow, Granular Borrow, 
Subbase of Gravel, and Subbase of Crushed Gravel were collected 
from 29 sources and tested for gradation using a standard bank 
of sieves. The material passing the No. 1 0 sieve was then 
tested using a hydrometer to determine the percent of total 
sample finer than 0.02 mm (medium silt). Semi- log plots were 
constructed of the grain size distributions and coefficients 
of uniformity were cal culated to determine grading of the sample 
materials. A plo t of "percent particles finer than 0 .074 mm" 
versus "percent particle s finer than 0. 0 2 mm", as shown on 
Figure 1, was made to show the sample distribution of frost 
susceptible material. The 0 .074 mm size (No. ZOO sieve) was 
used for comparison since this is the finest fra c tion tested 
under current Standard Specifications , and is also an indicator 
of f rost susceptibi l ity. 

Background 

Some of the earliest work on frost heave susceptibility by 
Casagrande ( 1931) identified the 0.02 mm size fraction as an 
important indicator of frost susceptibility. It was determined 
that a very uniform soi l was frost susceptible when the 
percentage of particles finer than 0.02 mm was greate r than 
10 percent or greater than 3 percent in a non-uniform soil. 
Casagrande observed no ice segregation in soil s with le ss than 
1 percent of grains finer than 0. 0 2 mm; even when the ground 
water was as hi gh as the frost line. 
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More recent work by Esch, McHattie and Conner ( 1981) concluded 
that the best asphalt pavement performance occurs when the 
base and subbase layers contain less than 3 percent of particles 
finer than 0. 02 mm and l ess than 6 percent of particles finer 
than 0. 075 mm. Conversely, poor performance may be expected 
when percentages exceed 7 and 11 percent of particles finer 
than 0 .0 2 mm and 0 .0 75 mm respectively. (See Figure 1). ,Their 
laboratory· experiments indicated that the best pavement 
performance occurs when heave rates, due to frost action, do 
not exceed 3 mm/day. 

Another study by Vinson, Ahmad and Rieke (1986) set less 
conservative limits on the allowable percentages of "fines" 
in granular materials needed to maintain good roadway 
performance . Using the same heave rate of 3 mm / day as a point 
of comparison, corresponding values for percent particles finer 
than 0.02 mm and 0 . 074 mm were obtained from Figure 2 . The 
values, 5.5 percent finer than 0.02 mm and 6.7 percent finer 
than 0.074 mm, are plotted on Figure 1 along with the limits 
suggested by Esch, McHattie and Conner. 

Summary Of Results 

The samples tested were a ll well-graded, having an average 
coefficient of uniformity of 4 7 .1. Of the 30 samples plotted 
on Figure 1, 25 are within the " best p e rformance" of Esch , 
McHattie and Conner, 3 samples lie in the intermediate area, 
and only two fall within the "poo r perfo rma nce " zone . All 
of the sample s are below the 3 percent passin g the 0 . 02 mm 
limit set by Casagrande for well -gr aded material. The curve 
shown on Figure 1 indicates that as the amount of mate rial 
finer t h an 0 . 074 mm increases, there is a corresponding increase 
i n the particles finer than 0 . 02 mm, up to approximately 5 
percent finer than 0.074 mm. From this point, the relationship 
is less defined. As the percent fi ner than the 0 . 074 mm 
continues to increase from 5 percent, the amount of material 
f iner than 0.02 mm remains approximately the same. 

Recommendations 

Overall, it appears that Vermont aggregate sources used during 
the 19 83 construction season have low frost s us ceptibility . 
While 30 samples is not a representa tive data bas e for the 
State of Vermont, the data doe s show a good clus tering i n the 
zone of " bes t performance". Therefore, in the case of the 
data on hand, if the amount of material passing the No . 200 
sieve (0 . 074 mm) does not exceed 6 percent as per Vermont 
Standard Specifications, then the particles finer than 0 . 02 
mm are not a serious consideration . The 0.02 mm and finer 
size fraction appears to be we ll below l eve ls which cause ice 
segregation and frost susceptibility in well-graded aggregates. 
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"The contents of this report reflect the views of the author 
who is responsible for the facts and accuracy of the data 
presented herein. This report does not constitute a standard, 
specification, or r egulation. Anyone other than the Agency 
using this report does so with awareness that the Agency does 
not guarantee the opinions, findings, or conclusions contained 
therein". 

Reviewed By: 

R. F. Nicholson, P . E. 
Materials & Resea r ch Engineer 

Date: ____ ~ __ 2-___ --__ /_o __ -___ ~~7 __ __ 
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